Abstract.-We evaluated the influence of two broodstock feeding practices on fatty acid composition and viability of eggs in white bass Morone chrysops. The two dietary groups tested were (1) white bass females fed a commercially formulated feed (crude protein, 45%; crude fat, 16%) and (2) white bass females maintained on live food (fathead minnow Pimephales promelas and golden shiners Notemigonus crysoleucas). Significant differences existed between the dietary treatments in egg fatty acid levels. Eggs of white bass fed live food contained more 11-octadecenoic acid (18:1[n-7] ), a-linolenic acid (18:3[n-3]), arachidonic acid (20:4[n-6]), docosahexaenoic acid (22:6[n-3]), and total n-3 fatty acids than eggs of fish fed formulated feed. Conversely, eggs of fish fed the formulated feed contained more oleic acid (18:1[n-9]), linoleic acid (18:2[n-6]), and total monoeic acids. Female white bass fed live food produced significantly more viable eggs (68.0 6 2.0%) at 48 6 2 h posthatch than did females fed the commercial feed (57.0 6 2.0% [mean 6 SD]). We found that the egg fatty acids of white bass are significantly affected by the diet of the female and suggest that the fatty acid composition of eggs contribute to overall reproductive success and viability of progeny. More information on the nutrient requirements of piscivorous broodstock is needed to allow feeds to be formulated to enhance the viability of eggs and fry.
Nutrition has significant effects on ovarian growth, fecundity, and progeny robustness (Mourente and Odriozola 1990; Harel et al. 1994; Mazorra et al. 2003) ; however, broodstock nutrition is poorly understood and scantly researched for many aquacultured species (Izquierdo et al. 2001) . In particular, more information on nutrient requirements of piscivorous broodstock is needed to allow feeds to be formulated to enhance the viability of eggs and fry (Bromage 1995) .
Among the dietary constituents of prepared feeds, dietary lipids and their fatty acids are critical for the overall reproductive performance of the female as well as progeny development and survival during yolk sac resorption (Cerdá et al. 1995; Fernández-Palacios et al. 1995 Bell et al. 1997; Navas et al. 1997; Bruce et al. 1999; Mazorra et al. 2003) . Essential fatty acids (EFAs), especially long-chain highly unsaturated fatty acids (HUFAs), namely eicosapentaenoic acid (20:5[n-3] ; EPA) 1 and docosahexaenoic acid (22:6[n-3]; DHA), are strongly associated with reproductive success of fishes (March 1993 ). The n-3 HUFAs are important for membrane formation and properties, specifically fluidity and permeability and provision of vital precursors for the synthesis of cell-signaling messengers (Bell et al. 1986 ). Several authors have confirmed the importance of an adequate supply of EFAs to broodstock during vitellogenesis, when the demand for lipids is the greatest (Sargent 1995; Navas et al. 1997) . Although some organisms can synthesize EPA and DHA de novo to satisfy their EFA requirements, many fish lack adequate enzymatic function to produce these fatty acids at a rate sufficient to meet nutrient requirements. In the case of broodstock, the requirement for dietary EFAs is most likely greatest from a previtellogenic period to ovulation. Therefore, EPA and DHA are often supplemented in diets of broodstock for normal growth and development of progeny (March 1993; Sargent et al. 1995) .
Feeding live food sources (e.g., minnow Pimephales spp. and golden shiners Notemigonus crysoleucas) has proven to be an effective strategy to satisfy the EFA requirements of broodfish. An effective formulated feed for broodfish would, however, reduce production costs, simplify feed management, and eliminate a potential pathogen source in culture facilities. Moreover, these feeds may potentially outperform live foods (nutritionally), ensuring the supply and continuity of viable progeny to the aquaculture industry. Further knowledge of nutritional factors responsible for reproductive success associated with natural recruitment is needed to develop a broodstock diet and the continued success of fingerling production. Therefore, the objective of this study was to evaluate the reproductive performance of a broodstock of white bass Morone chrysops, egg fatty acid compositions, and viability of progeny produced from female white bass fed either live food or a commercial diet.
Methods
Mature wild white bass females (;100 individuals; weight range, 0.5-0.9 kg) collected from the Arkansas River were maintained for approximately 2 months in raceways (11,000 L) supplied with degassed well water at Keo Fish Farms, Inc. (Keo, Arkansas), on live food (fathead minnow P. promelas and golden shiners). Females were subsequently divided into two dietary treatments: (1) feed-trained and fed a commercial feed (crude protein, 45%; crude fat, 16%) and (2) maintained on the same live food. After approximately 2 months, all females were injected intramuscularly with 150-IU/kg human chorionic gonadotropin to induce a synchronous ovulation period (Suresh et al. 2000) ; all ovulated within a 4-h period. Upon ovulation, five replicate groups of five similar size females per dietary treatment (N ¼ 5) were weighed (nearest 0.1 kg) and measured (nearest centimeter) and then rapidly stripped (;2 min). Eggs were immediately pooled in a plastic bowl, treated with a tannic acid solution to reduce their adhesiveness (Rottmann et al. 1988) , and then fertilized with spermatozoa of striped bass M. saxatilis. Eggs from each replicate group per treatment were incubated (;208C) in MacDonald jars until hatch at 48 6 2 h postfertilization. Total volume (mL) of eggs was recorded for each of the five replicate groups. Fecundity (eggs/kg) was determined from the pooled egg samples and the total group weight of the replicate (five females/group) for all replicates within both dietary treatments.
Samples of fertilized eggs were collected at two time periods during the study: (1) before tannic acid treatment and (2) after tannic acid treatment. Before antiadhesive treatment and after microscopic examination, 100 normal eggs per group replicate for both treatments were collected (within 2 min postfertilization) and immediately frozen in 5-mL plastic cryovials using liquid nitrogen (À1968C) to ensure quality samples for biochemical comparison. All egg samples were held in liquid nitrogen until blanketed with ultrapure nitrogen and placed into a À808C freezer for later lipid analysis. After egg antiadhesive treatment, 1.0-mL samples were removed from MacDonald jars, counted, and observed microscopically to calculate egg diameter (lm) and egg viability (%), the latter determined as the percentage of morphologically normal eggs within 1 h postfertilization and at 48 6 2 h postfertilization from each treatment group replicate. Total lengths (mm) of 30 randomly selected fry (live) from each experimental group were measured at 1, 2, 3, and 4 d posthatch (DPH).
After separate homogenization of feed, live food, and female broodfish of each treatment using an Omni mixer homogenizer (Omni International, Waterbury, Connecticut), lipid was extracted in a 2:1 solution of chloroform and methanol (volume per volume) containing 0.01% (weight per volume) butylated hydroxytoluene following the method of Folch et al. (1957) . Lipid samples were subjected to acid-catalyzed transmethylation performed overnight at 508C as described previously by Christie (1982) . The resultant fatty acid methyl esters (FAMEs) were separated with a Shimadzu GC-17A gas chromatograph (Shimadzu Scientific Instruments, Kyoto, Japan) equipped with a flame ionization detector fitted with an Omegawax 250 fused silica capillary column (Sigma-Aldrich Corporation, St. Louis, Missouri; 30 m 3 0.25 mm inside diameter; 0.25-lm film). A splitless injection technique (100:1) was used and the temperature program was as follows: 508C held for 2 min, increased to 1488C at 108C/min, 1488C held for 5 min, increased to 2208C at 48C/min, and held at 2208C for 15 min. Individual FAMEs were qualified and quantified by reference to external standards (Supelco 37 component FAME mix, polyunsaturated fatty acid [PUFA]-1, and PUFA-3; Sigma-Aldrich) and an internal standard (23:0, SigmaAldrich).
Data on female weight (kg), length (cm), condition ([weight/length 3 ] 3 10,000), fecundity (eggs/kg), egg viability (%), lengths of fry from 1 DPH to 4 DPH, as well as fatty acid data were subjected to analysis of variance using the mixed model in SAS (SAS Institute 2001). Replicate groups (N ¼ 5) of females (25 fish/ dietary treatment) were classified as experimental units, and variation among experimental units nested within dietary treatment was used as the experimental error in tests for significance; individual fish were not classified as an independent factor in the statistical analyses. Significance was considered at P 0.05.
Results and Discussion
We found marked differences in the fatty acid composition of eggs produced from female white bass fed live food rather than a commercial feed (Table 1) . Eggs produced by broodstock fed live food contained more 11-octadecenoic acid (18:1[n-7]), a-linolenic acid (18:3[n-3]), arachidonic acid (20:4[n-6]; ARA), DHA (22:6[n-3]), and total n-3 fatty acids than did eggs of fish fed a commercial feed. Although not statistically significant, mean total HUFA quantities and a higher n-3:n-6 ratio existed in eggs produced by the female white bass fed live foods than occurred in eggs produced by the female white bass fed the commercial feed. Eggs of fish fed the commercial feed contained more oleic (18:1[n-9]), linoleic (18:2[n-6]), and total monoeic acids compared with eggs of the other dietary treatment. Similar results with dietary lipid and egg fatty acids, specifically higher levels of unsaturated fats in eggs from female parents consuming live food, were found in previous studies with striped bass (Harrell and Woods 1995; Gallagher et al. 1998) , Atlantic halibut Hippoglossus hippoglossus (Mazorra et al. 2003) , gilthead seabream (also known as gilthead bream) Sparus auratus (Mourente and Odriozola 1990; Fernández-Palacios et al. 1995 Almansa et al. 1999) , and sea bass Dicentrarchus labrax (also known as the European bass Morone labrax; Bell et al. 1997; Navas et al. 1997; Bruce et al. 1999) .
In previous studies with sea bass, Cerdá et al. (1995) , Bell et al. (1997) , and Bruce et al. (1999) observed differences in egg fatty acids and a marked reduction in the survival of eggs from females fed commercial diets compared with females fed live food diets containing higher n-3 HUFAs. Significant differences (P , 0.05) existed in egg viability between the two experimental groups in this study. Female white bass fed live food produced significantly more viable eggs (68.0 6 2.0% [mean 6 SD]) at 48 6 2 h postfertilization than did eggs produced by female broodstock fed the commercial feed (57.0 6 2.0%). Harrell and Woods (1995) also found eggs of wild-caught striped bass possessed higher DHA and n-3 HUFA levels than did eggs of domestic striped bass fed a commercial feed, but did not observe adverse effects with subsequent larval survival up to exogenous feeding. In this study, no differences existed in fecundity (270,000 6 47,000 and 250,000 6 47,000 eggs/kg), female weight (0.7 6 0.2 and 0.6 6 0.2 kg), female length (33.0 6 0.6 and 31.0 6 0.6 cm), or fry lengths at 1, 2, 3, or 4 DPH between females fed live food and commercial feed, respectively.
The live food feeding regime clearly provided, among others, higher levels of HUFAs, particularly in ARA and DHA content, than did the commercial feed ( Table 2) . As discussed previously, n-3 HUFAs, chiefly DHA, have pronounced effects on reproductive performance and neural development of progeny (Bell et al. 1985; Tocher and Harvie 1988; Bell and Dick 1991; Sargent et al. 1995) . Additionally, the importance of ARA as an EFA for broodstock fish is recognized Gallagher et al. 1998 ). :1(n-9), 22:1(n-11), 22:1(n-9), and 24:1(n-9). d Includes 18:3(n-6), 20:2(n-6), 20:3(n-6), and 22:2(n-6). e Includes 20:3(n-3) and 20:4(n-3). f Includes fatty acids with carbon chain length of 20 or more and 3 or more double bonds. 3.0 z 9.2 y 18:1(n-9) 22.3 z 15.9 y 18:1(n-7) 3.2 z 3.2 z 18:2(n-6) 10.4 z 9.0 z 20:4(n-6) (ARA) 9.1 z 1.0 y 18:3(n-3)
1.4 z 1.5 z 18:4(n-3) 0.1 z 1.6 y 20:5(n-3) (EPA) 3.5 z 8.8 y 22:5(n-3) 2.1 z 1.6 y 22:6(n-3) (DHA) 12.4 z 7.0 y ARA : EPA ratio 2.6 z 0. Moreover, ARA is a physiologically important HUFA of the n-6 series, possessing a vital function as a precursor for a class of biologically active compounds known as eicosanoids (Tocher and Sargent 1987) . Specifically, ARA-derived eicosanoids have been suggested as being important in modulation of ovulation (Mustafa and Srivastava 1989) and are most likely involved in embryogenesis, hatching, and production of robust eggs and fry. Dietary ARA levels show a correlation with fertilization rates in gilthead seabream broodstock (Fernández-Palacios et al. 1995 . Mazorra et al. (2003) indicated dietary levels of ARA at 1.8% of total fatty acids improved reproductive success and egg and fry robustness in Atlantic halibut. Improved performance of broodstock fed higher levels of HUFAs observed in this study could be attributable to the increased availability of ARA in the maternal diet. Similar results have been indicated with other species (Cerdá et al. 1995; Bell et al. 1997; Bruce et al. 1999) , suggesting a low enzymatic activity to elongate and desaturate dietary 18:2(n-6) to ARA associated with these species. The absolute dietary requirement for ARA, coupled with its potential synergies with other long-chain HUFAs in teleost reproduction, however, has not been adequately addressed (Gallagher et al. 1998 ) and warrants further investigation. To date, the most effective way to satisfy the EFA requirements of broodstock has been through the use of live food sources because few reliable alternatives are available to producers. Certainly, live foods have proved an effective way of meeting nutritional requirements of broodstock and ensuring quality gametes. However, live food sources have been implicated as a route for the inadvertent introduction of pathogens to culture facilities. Therefore, commercial interests, especially those maintaining Morone spp. broodstock, have expressed a desire for an effective formulated feed to reduce production costs and to simplify broodstock management. To be effective, however, a broodstock diet must meet the endogenous developmental demand of their progeny for long-chain HUFAs before the onset of exogenous feeding by fry. Ultimately, additional work conducted with isocaloric, isonitrogenous diets may lead to diet formulations that not only meet the specific nutritional requirements of broodfish, but also optimize reproductive success by enhancing egg and fry viability.
